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A NEW MICRO METHOD FOR MEASURING THE WATER-BALANCE OF THE
HUMAN SKIN. SALT CRYSTAL METHOD
I. APPARATUS'
F. A. J. THIELE, DRS. AND K. SCHUTTER
The water vapor transport through the outer
layers of the skin and the relative humidity on
the skin surface are important physiological
functions.
Greuer and Peukert (1) have described the
measurement of the water evaporation from the
skin by means of the changes in resistance due
to the water vapor absorption by paper strips
after immersion in concentrated hydrochloric
acid. This system, however, proved to be un-
suitable for routine determinations. In an at-
tempt to make it suitable these investigators
replaced the acidic paper strip by a halite crystal,
apparently on the assumption that the changes
in resistance remain the same. This, however,
has not yet been proved.
Since the quantitative measurement of water
on a microscale (0.1 to 30.0 y/cm2 mm.) is not
easy, the object of this investigation was to
determine whether the micro amount of water
evaporating from the skin surface could be
measured by condensing it on the surface of a
halite crystal and quantitatively recording the
so induced changes in resistance to an electric
current passed over the crystal surface.
METHODS AND APPARATUS
For the measurement of the water vapor trans-
port through the skin by means of a smooth halite
crystal the measuring cell first designed was made
of perspex (Fig. la).
Fig. lb illustrates how, initially, the platinum
electrodes were attached to the upper face of a
square salt crystal. The salt crystal and the two
electrodes are incorporated in an electric d.c.
circuit.
A small calibrated resistance is connected in
series to the salt crystal and the voltage over this
resistance which is a function of the current, is
measured by means of a high resistance millivolt
recorder (Varian recorder, Type 0.10) (Fig. lc).
Photographs of the measuring cell are shown in
Figs. 2 and 3, and of the total assembly in Fig. 4.
A thin layer of water on the smooth surface of
the crystal, will dissolve some of the salt. If the
moist crystal is now brought into an atmosphere
having a lower water vapor pressure than the
equilibrium water vapor pressure of the salt
solution, water will evaporate. Conversely, at a
higher water vapor pressure moisture from the
air will condense on the surface layer of the
crystal.
A decrease in the resistance of the salt crystal
resulting from this water adsorption is recorded
by the mV-meter. Thus the rate of evaporation of
water from the skin, which is proportional to the
rate at which the voltage increases, can be calcu-
lated from the slope of the line.
It is surprising that it had never before been
realized that the influence of the local skin tem-
perature is great enough to completely falsify the
results of measurements. This influence was
eliminated by the simple means of placing a small
cooling coil, through which water from a thermo-
stat was circulated, in the water transport circuit
(see Fig. la No. 8). A copper/constantan thermo-
couple (Fig. la, No. 11) attached to the upper
face of the halite crystal enables the temperature
to be measured with an accuracy of 0.25° C. The
temperature of the crystal can then be kept con-
stant to within 0.5° C.*
To prevent contact of the crystal surface with
hair, a metal gauze placed across the opening of
the measuring cell (see Fig. la, No. 10) was found
to be effective.
During initial experiments it was found that
the pcrspex of the measuring-cell housing adsorbed
a certain amount of water, forming a film on the
inner wall of the cell. This film, it was supposed
(2), delays the registration of the water vapor
transport. To test this theory, a similar measuring
cell was constructed from smooth teflon since this
material has water-repelling properties.
By means of the cell thus designed (Figs.
la, 2, 3) it is possible to measure the water vapor
pressure at the skin surface by increasing the
temperature of the crystal to a point at which
moisture exchange between the salt crystal and
the skin surface is in dynamic equilibrium. Then
the vapor pressure at the salt crystal is equal
to the vapor pressure at the skin. The temperature
of the cooling coil must, of course, be high enough
95
* The difference between apparatus and
measuring room temperature may not exceed 1° C.
* From the Unilever Research Laboratory,
Vlaardingen, The Netherlands.
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FIG. la. Measuring cell. 1. Bottom cover. 2. Salt crystal. 3. Support for salt crystal. 4. Plastic housing.
5. Top cover. 6. Bolts for securing the electrodes. 7. Brass connecting plate. S. Cooling spiral with con-
nection. 9. Tube rill. 10. Metal gauze. 11. Thermocouple inlet.
FIG. lb. 1. Salt crystal. 2. Electrodes
FIG. lc. Electric circuit with Varian G. 10 Recorder
FIG. ld. Schematic view of conductive path through salt crystal
FIG. le. Salt crystal adapted to electrode widths
to prevent moisture from the skin condensing the salt crystal and the platinum electrodes
on it. was insufficient and, moreover, that the effective
In the preliminary experiments, using a salt electrode surface (i.e. that part in direct contact
crystal and platinum electrodes as shown in with the saturated solution on the crystal sur-
Fig. lb, reproducible results could not be ob- face) varied. In this connection, it should be
tamed. It appeared that the contact between realized that the salt solution layer is extremely
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FIG. 2. (left) Measuring cell with cooling coil
FIG. 3. (right) Measuring cell, exploded view. Crystal between silver electrodes
FIG. 4. Vapor transport measuring apparatus, consisting of measuring cell in holder, recorder,
thermostat and mV meter.
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FIG. 5. Relation between registered voltage, V, and input voltage, V, on using Pt- and Ag-electrodes
respectively (V,)08 = registered voltage at V = 3.08 V(V)1.54 = registered voltage at V = 1.54 V
thin. In addition, the resistance could be cal-
culated only approximately since the conductive
path is wider than the electrode itself (see
Fig. id). This error thus caused could be elim-
inated by ensuring that the electrode was of the
same width as the crystal (see Fig. le).
The relationship between the reading on the
Varian recorder, (i.e. the registered voltage,
Vr) and the input voltage V was determined.
The influence of doubling V,, (from 1.54 to
3.08 volts) on the reading Vr was measured for
different conductances of the salt crystal. The
results show that this relationship can be ap-
proximately represented by a straight line (see
Fig. 5, A) having a slope of 2.75. The scattering
of the measuring points with respect to this
straight line, however, is fairly considerable.
From the slope of curve A, the sum of the
potential differences at the electrodes-crystal
junctions (IV) can be calculated if it is assumed
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that this sum has a constant value:
(Vr)acs
—
308 — 3.08 — (EV)3.38
— 275(V)154 iou
—
1.54 — (V)1.54
Hence, (IV) = 0.66 volt.
When, however, the flat platinum electrodes
(thin, fairly flexible strips, lying on the crystal
surface) were replaced by massive pure silver
electrodes, held firmly in position by means of
bolts (Fig. la, No. 6), it appeared that on
doubling the input voltage, the current, and
therefore Vr, was also doubled. This indicates
that with silver electrodes no measurable po-
larization effect will occur. Theoretically this
can be explained by assuming that the contact
surface is immediately covered with a silver
chloride layer, so that the electrodes are de-
polarized (3). In the absence of polarization
potentials it is highly probable that only sodium
and chloride ions are responsible for the con-
ductivity.
As with the Pt-electrodes it is of the utmost
importance to ensure close contact between
the silver electrodes and the crystal.
On applying a direct voltage, the moist layer
on the salt crystal is electrolyzed and sodium
hydroxide will form at the cathode and chlorine
at the anode. Although, even at maximum re-
corder deflection the amounts formed have an
order of magnitude of only 10 mg/sec., their
influence cannot, in the long run, be neglected.
The sodium carbonate so formed from sodium
hydroxide and carbon dioxide from the air would
give the crystal surface entirely different prop-
erties. This undesired effect can largely be
eliminated by reversing the cell current after
each measurement. It is, however, preferable
to use an alternating current, and to this end a
square wave conductance measuring apparatus
has been developed.
The voltage supply of this apparatus provides
a 50 cycles square wave voltage, which is formed
by converting a stabilized direct voltage with a
chopper.
The effect of the cable capacitance, which
may not be neglected when the conductance of
the crystal is very small, is eliminated by phase
sensitive detection of the signal with the same
chopper.
EXPERIMENTAL
a) Calibration of the Measuring Cell
The measuring cell, provided with metal
gauze and cooling coil is calibrated by plotting
the water vapor pressures in mm Hg against the
slope of the potential curve of the recorder be-
tween 5 and 10 mV.
To establish these (thermo-regulated) water
vapor pressures, use was made of the Hoppler
Ultra thermostat, which has an adjustable solid
metal plate. This plate was so adjusted that the
water surface in the thermostat just wetted it.
Care must also be taken to ensure that the water
surface is not affected by minute amounts of
fatty substances (e.g. hydrocarbons from the
grease of the motor), by the formation of
films, which unfavorably influence the surface
activity and hence the water vapor pressure.
This can be prevented by placing on the solid
metal plate a defatted metal lid with raised rim,
containing a defatted disk of filter paper in
fresh, twice distilled water.
On calibrating, the measuring cell is pressed
onto the water surface in the metal lid.
After assembly, the electrodes, the smooth
polished salt crystal and the cell housing will be
contaminated with lipids from the finger-tips,
and must therefore be defatted with CS2. It
is moreover, advisable to clean the cell with
CS2 at regular intervals: say, once a week.
Calibration curves were determined both for
the teflon and the perspex cells, at 22 and 24° C
(see Fig. 6). The input voltage was 1.5 V (D.C.);
the current was measured over a calibrated
resistance of 51 k2. The curves obtained for
two perspex cells are almost identical with those
for the teflon cell.
The calibration curves obtained at different
temperatures with the square wave conductance
measuring apparatus (Fig. 7) show that the
points of intersection of these curves with the
abcissae are 14.0 mm Hg at 21° C, 14.9 mm Hg
at 22° C, 15.8 mm Hg at 23° C and at 16.8 mm
Hg at 24° C respectively. These are precisely the
vapor pressures of saturated salt solutions at the
given temperatures. As is known from the
literature these values are invariably 75% of
the saturated water vapor pressures prevailing
at these temperatures. These results are proof
of the accuracy of the measuring method. In
view of the differences between the circuit
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Fio. 6. Calibration curves for the teflon measuring cell. Water vapor pressure as a function of the
changes in recorder voltage at two thermostat temperatures. Supply voltage; 1.5 V; calibrated re-
sistance; 51 k[2.
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FIG. 7. Calibration curves for the teflon measuring cell, obtained with the square wave conductance
measuring apparatus. Water vapor pressure as a function of the changes in recorder voltage at four
thermostat temperatures.
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N) THE CIRCUIT—DIAGRAII WITH THE ALTERNATING VOLTAGE SUPPLY
Fin. 8. Circuit-diagrams. a) for the direct
voltage supply (1.5 V). b) for the alternating
voltage supply (the square wave conductance
measuring apparatus).
diagrams for the direct and the alternating
voltage supply, both are shown in Fig. 8.
By placing the cell, adjusted to a certain
temperature by the circulation thermostat, on
the skin surface a curve is obtained on the
recorder paper. This curve is indicated as the
"water vapor transport curve".
The absolute water vapor pressure at the
skin surface can now be calculated from the
slope of the vapor transport curve (mV/mm.)
and the calibration curve mentioned above
(Fig. 7).
b) The Relation Between the Amount of Water
Vapor in the Measuring Cell and the
Recorder-Deflection
The amount of water vapor necessary to
obtain a recorder deflection of from 5 to 10 mV
was determined by placing the perspex and the
teflon cell respectively over a weighed beaker,
containing water and allowing the cell to take
up water until the appropriate deflection was
reached. The cell was removed, the beaker
covered, and the apparatus allowed to return to
zero. This was repeated ten times. The beaker
was re-weighed and the loss of water determined.
From this the relationship between the deflec-
tion and the water uptake of the cell was cal-
culated. The amount of water adsorbed by the
perspex cell is approximately 4 to 5 times greater
than that adsorbed by the teflon cell; with the
latter, 0 to 0.08 mg gives a deflection of 5 mV.
The teflon cell is thus far more sensitive.
Since the construction of both cells as well
as the shape and dimensions of the salt crystals
were identical, the difference in adsorption must
be entirely due to the material used. Moreover,
it was found that the salt crystal reacted with
utmost rapidity to slight changes in water vapor
pressure in the measuring cell, caused for in-
stance by undulation of the water surface in the
thermostat. Such pressure changes were im-
mediately reflected by slight deviations in
voltages, that is, deviations in the recorder line.
DISCUsSION
a) Relation Between the Conductance of the Crystal
and the Amount of Water Present
In order to check the relation between the
conductance of the crystal and the amount of
water present the adsorbed amount of water
necessary to give a 10 mV deflection of the
Varian recorder was calculated.
For this calculation the following formula
was used:
Rr(Vd V r)
-
in which,
= resistance of the film between the elec-
trodes on the salt crystal;
Rr = calibrated measuring resistance;
Vd = supply voltage;
= voltage to be recorded.
From this equation it follows that the con-
ductance is:
1
____-
R(Va — Vr)
With a recorder deflection of 10 mV, a measuring
resistance of 51 k and an input voltage of 1.5 V,
this becomes:
) THE CIRCUIT—DIAGRAM WITH THE DIRECT VOLTAGE SUPPLY
L
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1 0.010
=
51 1o(1.s — 0.010)
= 1.3 X 10 mho
It is now assumed that the water condensing on
the salt immediately forms a saturated salt solu-
tion, on the crystal block, which is clamped be-
tween the electrodes in such a way that the
electrodes entirely cover the smallest crystal
faces, the distance between the electrodes being
equal to the length of the crystal. The salt crystal
has an effective surface of S x d cm2 (S = length;
d = width). With a recorder deflection of 10
mY, the layer thickness of this solution will be:
5 1 hxdh= cm from —=————-gR S
For a saturated salt solution, the conductance
(g) has been estimated and found to be 0.25
mho 7cm.
With the salt crystal under investigation (d =
0.8 cm, S = 2.5 cm) the layer thickness h is
16 x 10 cm. Thus the volume of this layer
(= h.dS) is 32 x 10 cm3. A saturated salt
solution has a specific gravity of ca. 1.25 and its
concentration is 35%. Hence the above-mentioned
volume weighs 40 x 10 g (4 y), and contains
2.6 -y of water.
It is clear from this result that the amount of
water which evaporates is far greater than the
amount which is adsorbed on the crystal (2.6 -y).
b) The Amount of Water Present in the
Illeasuring Cell
Suppose that the measuring cell has been
calibrated against a water surface at 22° C.
If the room temperature is 22° C and the relative
humidity 60%, the circulation thermostat is
then adjusted to 22° C, so that when starting
the measurement the relative humidity in the
cell is also 60%, while at the water surface it is
100%. During the measurement the relative
humidity in the cell increases from 60 to 100%.
The increase in absolute vapor pressure is then
0.4 x 19.8 mm = 7.9 mm Hg, since the water
vapor pressure at 22° C is 19.8 mm Hg. The
total amount of moisture in the cell will have in-
creased by:
v 273
V>< f X X Mg, (1)
in which
v = volume of the teflon cell (10 cm3);
V = volume of 1 mole of vapor at STP (22.4
litre);T = absolute temperature (°K);p = absolute vapor pressure (7.9 mm Hg);
M = molecular weight of water (18).
The increase in moisture content of the teflon
cell is thus: 9.8 )< 7.9 X lOg = 777.
The value found for the teflon cell by weigh-
ing was 807, which is in very satisfactory agree-
ment with this calculated value of 77 y. Com-
pared with the 350 -y found for the perspex cell
by weighing, a high value due to the formation of
a water film on its inner surface, it will be clear
that the water repelling teflon cell will give much
more reliable results.
Quantitative determinations of the absolute
humidity and of the water vapor transport
through the skin, with this apparatus will be
described in a separate article.
5UMMAEv
A method is described for routine determina-
tions of the water vapor transport through, and
the water vapor pressure at the surface of the
human skin. This method is quantitative and
is based on the changes in the conductivity of a
salt crystal resulting from moisture adsorption.
The temperature of the salt crystal is kept con-
stant by means of a cooling coil connected to a
circulation thermostat.
The contacts with the salt crystal, originally
made of platinum, were replaced by silver
electrodes because with the latter, no inter-
ference by polarization voltages occurs.
It has been shown that the influence of the
water film adsorbed on the surface of the housing
can be eliminated by constructing the cell from
teflon. The amounts of water vapor necessary
to give a recorder deflection of 5—10 mV with
both cells were compared.
The amount of water required to cause a
certain change in the conductivity on the sur-
face of the crystal has been calculated. The
teflon cell is about 5 times as sensitive as the
perspex cell. To prevent the crystal being affected
by electrolysis, a square wave conductance
measuring apparatus has been designed. It has
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been demonstrated that this apparatus provides menslichen Haut durch Widerstandsmessung
eines Haibleiters. Arch. Dermatol. u. Syph.,
reliable results. 179: 410, 1939.
2. MALI, J. W. H. AND VIERHOUT, R. H.: Personal
REFERENCES Communications, 1961.
3. KOLTHOFF I. M. AND LAITINEN H. A.: pH and
1. GREUER, W. AND PEUKERT, L.: Eine Methode Electro 'litrations. Second Elition. 136/137.
zur Messung der Feuchtigkeitsabgabe der New York, 1952.
